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To address the problem of restricted access to grazing by cattle in wet season in the Sahel, a grazing trial was conducted
to study the effect of duration of grazing and grazing method on cattle nutrition and performance. Twenty-four intact
steers weighing 259 kg (SD ¼ 62) were randomly allotted to four treatments to study the effect of the combination of
grazing method (tethering and close herding) and grazing duration (6 and 9 h per day) on diet selection, faecal output,
forage intake, grazing behaviour and weight changes in the wet season. Three esophageally ﬁstulated steers were used in a
cross-over design to sample diet selected by tethered and herded animals. Extrusa samples from esophageally ﬁstulated
steers and faecal output from intact steers were collected in weeks 6 and 9 of the experiment and grazing behaviour of the
intact steers was observed in week 6. Tethered animals selected diets of lower organic matter digestibility (OMD) but
tethering had no signiﬁcant effect on crude protein. Close herded steers consistently consumed more forage than those
tethered in both periods. Both grazing method and duration had signiﬁcant effect on ingestion rate by the steers. Tethered
steers had lower average daily gain than those herded. The results demonstrate that the common practice of tethering
sedentary cattle in the wet season in the southern Sahel in West Africa reduces forage intake and consequently average
daily gain.
r 2007 Elsevier Ltd. All rights reserved.
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Following rapid population growth since the 1950s, there has been increase in area of land cropped in West
African Sahel (Turner et al., 2005). Cropping areas have expanded into marginal and grazing lands (Powell
et al., 1996), and access to communal grazing areas is becoming increasingly restricted, especially in the wet
season, due to fragmentation of cultivated ﬁelds. In the wet season, the common practice in the region is to
send the animals on transhumance to pastoral zones in the northern Sahel where the animals remain untilsee front matter r 2007 Elsevier Ltd. All rights reserved.
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and Hiernaux, 2002). However, a signiﬁcant number of animals do not go on transhumance in wet season
(Turner and Hiernaux, 2002).
According to the survey conducted in Fakara in South-western Niger in1998 on the practice of wet season
transhumance, about 43% of the households managing herds of cattle, sheep and goats did not practice
transhumance (Hiernaux and Ayantunde, 2004). Thus, resident livestock in the southern Sahel in wet season
are restricted to grazing areas of uncultivable lands, fallows and roadsides. The grazing pressure is always high
during this period because of restricted access to grazing lands and low standing herbage biomass at the onset
of the wet season.
During the wet season, sedentary animals are often closely herded to prevent damage to crops (Turner et al.,
2005). Some animals are stall-fed with weeds, browses, crop residues from the previous year and crop by-
products while some others are tethered in fallow lands for grazing (Ferna´ndez-Rivera et al., 2005; Hiernaux
and Ayantunde, 2004). Tethering is justiﬁed not only to prevent damage to crops but also to address lack of
herding labour as most farmers are busy with cropping activities (Turner and Hiernaux, 2002). Due to labour
shortage during the cropping season the duration of grazing is often short (Ayantunde et al., 2001; Turner et
al., 2005). Restricted access to grazing may have nutritional implications for the grazing ruminants in terms of
foraging behaviour, forage intake and animal performance. Quality of the diet selected may also be affected as
tethered animals may have less opportunity for selective grazing. Under-nutrition of the grazing ruminants in
the wet season, when grazing resources are of the best quality, due to restricted access to grazing may not only
affect animal performance in the wet season but also the overall condition and productivity of the animals,
especially reproductive performance of the females. Beyond the possible effect in wet season of restricted
access to grazing on the animal performance, survivability in the dry season due to feed scarcity may be also
affected.
Therefore, a good understanding of the nutritional implications of restricted access to grazing by cattle in
wet season is necessary for better management of sedentary herds and grazing resources in the region. The
objective of this study was to determine the effect of restricted access (in terms of duration of grazing and
tethering) to grazing by cattle on diet selection, forage intake, feeding behaviour, and weight changes during
the rainy season.
2. Materials and methods
2.1. Study site
The experiment was carried out during the wet season over 11 weeks (July to September 2005) at
International Crop Research Institute for the Semi-Arid Tropics (ICRISAT-SC) in Sadore´ (131140N, 21160E),
Niger. Annual precipitation for 2005 when the study was conducted was 536mm. Rains began to fall on 31
May and stopped on October 4. The experimental paddock was a fallow dominated by annual grasses, which
had not been grazed for more than 5 years. The soils in the paddock are largely sandy (90–95%), poor in
organic matter content (0.15–0.2% organic C) and acidic (pH water 4.6–5.0), and are weakly structured
(Hiernaux et al., 1999).
2.2. Treatments, pastures and animals
Twenty-four intact steers of Bororo breed with a mean body weight (W) of 259 kg (SD ¼ 62) were randomly
allotted to four treatments deﬁned by factorial combinations of two levels of grazing method (tethering in the
grazing site and close herding) and two levels of grazing duration (6 and 9 h per day). The age of the steers
ranged between 2 and 3 years. Grazing by the steers began at 08:00 and 11:00, respectively, for 9 and 6 h of
grazing duration. All animals returned to a barn, which was about 500m from the experimental paddock at
17:00 and were individually penned. Animals in the tethering treatments were individually tied with a 6m rope
to a peg driven into the ground at the grazing site. The tethering location was changed every 3 h. In this paper,
6 h tethered, 6 h close herded, 9 h tethered and 9 h close herded treatments will be referred to as T6, H6, T9 and
H9, respectively.
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Brachiara xantholeuca, Schoenefeldia gracilis and forbs mainly Zornia glochidiata, Alysicarpus ovalifolius and
Cassia mimosoides. The paddock was divided into four fenced parcels of 10 ha each and the treatments were
randomly allotted to the parcels for grazing throughout the experimental period. The reason for this was to
eliminate any likely effect of social facilitation and group synchronization of grazing behaviour among
animals from different treatments. For example, if all the animals were to graze together, those in the herding
groups might stay around the tethered steers to graze. At peak vegetative stage (last week in August), the mean
standing herbage in the experimental paddock was estimated at 1710 (SE ¼ 56) kgDMha1. Herbage biomass
was measured according to the destructive technique suggested by Hiernaux (1996) for Sahelian rangelands.
Standing herbage in the parcels grazed by T6, H6, T9 and H9 was estimated at 2180 (SE ¼ 75), 1501
(SE ¼ 39), 1510 (SE ¼ 29) and 1648 (SE ¼ 59) kgDMha1, respectively, which suggested that forage
availability was not a constraint during the experimental period. The nutritional quality of the standing
herbage is presented in Table 1.
The study included two periods of collection of faeces and extrusa samples, which started in weeks 6 and 9
of the experiment. Week 6 was in the middle of wet season, which corresponded with peak vegetative
stage of the herbaceous plants while week 9 was towards the end of wet season. Each period included 9 days of
faecal collection. The animals were accustomed to carrying faecal collection bags during the last week
before the collection started. In each collection period, faecal bags were emptied and the faeces weighed,
before and after grazing. Ten percent of the faecal excretion was sampled and frozen for subsequent analysis.
The animals were watered in the morning 30min before grazing started. In addition, water was provided
in two watering troughs placed at the entrance of each parcel. Animals in the herding treatments were
free to drink from the watering troughs at any time. Those in tethered treatments were allowed to drink from
the watering troughs each time the tethering location was changed before they were tied. In week 6
of the experiment the grazing activities of all steers were observed. Observation was made every 5min
during the period of grazing only for 3 consecutive days by four observers. The observation was instantaneous
and the recording included one of the following activities: searching for food, prehending, masticating,
walking, resting, drinking, ﬁghting and socializing. Eating time was deﬁned as the time spent prehending,
masticating and searching for food. Activities such as drinking, ﬁghting and socializing were referred to as
‘other’.
In the two collection periods (weeks 6 and 9), three esophageally ﬁstulated steers were used for sampling the
diet selected by each treatment in a switch-over design. The ﬁstulated steers were of the same breed and age as
the intact steers. All the three esophageally ﬁstulated steers ﬁrst grazed with 9 h close herding treatment, then
extrusa samples were collected for 2 consecutive days at 09:00, 11:30 and 14:30. After two days of
adaptation with 6 h close herding treatment, extrusa samples were collected at 11:30 and 14:30 for 2
consecutive days. Then, the steers were switched to 9 h tethering treatment and were allowed 9 days of
adaptation before extrusa collection for 3 times a day (09:00, 11:30 and 14:30) for 2 consecutive days.Table 1
Nutritional quality (g kg1DM) of standing herbage at peak vegetative stage (August 2005)
Component Mean SE
Organic matter 932 8
Crude protein 114 5
Phosphorus 2.2 0.2
NDF 725 27
ADF 513 18
Lignin 110 8
Hemicellulose 212 15
Cellulose 403 17
Organic matter digestibility 573 26
Digestible organic matter 531 22
Note: Digestible organic matter ¼ organic matter digestibilityorganic matter.
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collected twice per day (11:30 and 14:30) for 2 consecutive days. Similar grazing schedule was followed in week
9 but the animals ﬁrst started grazing with 9 h tethering treatment. The extrusa samples were frozen
immediately after collection.2.3. Sample processing and laboratory analyses
The daily faecal sub-samples were bulked by time of collection (before or after grazing) and analysed for dry
(DM) and organic matter (OM). The extrusa samples were dried at 55 1C for 48 h and were ground to pass a
1-mm screen. They were analysed for DM, OM, nitrogen (N), ashless neutral detergent ﬁbre (NDF), ashless
acid detergent ﬁbre (ADF) and ashless lignin (Van Soest et al., 1991). Hemicellulose and cellulose were
calculated as the differences NDF–ADF and ADF–lignin, respectively. Organic matter digestibility (OMD)
was determined by the in vitro gas production technique calibrated with standards obtained in vivo (Menke et
al., 1979). Standing herbage samples collected from vegetation survey in the last week of August 2005,
representing the available forage were analysed for DM, OM, N, phosphorus (P), NDF, ADF, lignin and
OMD.2.4. Animal measurements
Animals were weighed every 2 weeks for 3 consecutive days. The animals were fasted prior to weighing.
Average daily gain (ADG) was estimated by regression of individual body weight (W) data over time.
Individual animal feed intake was estimated from individual data on faecal output and treatment means of
OMD (Cordova et al., 1978).2.5. Data analysis
Data analysis was performed with SAS (SAS, 1987) using the general linear model (GLM) procedure. An
analysis of variance model including effects of grazing method (tethering and close herding) and grazing
duration (6 and 9 h) and the interaction between the two factors, was used to analyse data on faecal output,
forage intake, animal behaviour (time spent eating, resting, walking, and other) and body weight changes.
Extrusa data was analysed using analysis of variance model, which included effects of animal, collection time
nested within animal, grazing method, grazing duration and the interaction between grazing method and
grazing duration. T-test was used to contrast the extrusa data collected between the two periods. Unless
otherwise speciﬁed, the level of signiﬁcance was declared at po0.05.3. Results
3.1. Forage quality and diet selection
OMD of the herbage grazed in August 2005 (Table 1) was signiﬁcantly lower than that of the diet (extrusa)
selected in the same period (Table 2). However, there was no signiﬁcant difference in crude protein of the
herbage grazed and the diet selected. Increasing duration of grazing from 6 to 9 h per day signiﬁcantly
decreased crude protein content but increased NDF and ADF content in week 6 of extrusa collection whereas
there was no signiﬁcant effect of duration of grazing on OMD. There was signiﬁcant interaction between
duration of grazing and grazing method for organic matter, crude protein, NDF and ADF of the diet selected
in week 6. In week 9, duration of grazing had no effect on both crude protein and OMD but on NDF and
cellulose (Table 2). Tethered animals selected diet of lower crude protein and OMD in August 2005 (week 6).
In September 2005 (week 9), tethering had no effect on crude protein of diet selected whereas it had signiﬁcant
effect on OMD. As the wet season progressed (week 6 vs. 9), crude protein and OMD of the diet selected
declined while cellulose increased for all treatments.
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Table 2
Effect of grazing method (tethering and close herding) and duration of grazing (6 and 9 h) on diet selection (extrusa; g kg1DM) by
esophageally ﬁstulated steers
Component 6 h 9 h SE p-values
Tethered Herded Tethered Herded Duration Method Interaction
Week 6
Organic matter 908 897 917 889 4 NS o0.01 0.05
Crude protein 111 147 106 125 3 o0.01 0.04 0.05
NDF 691 655 804 693 13 o0.01 o0.01 0.02
ADF 500 472 617 482 12 o0.01 o0.01 o0.01
Lignin 167 163 168 158 10 NS NS NS
Hemicellulose 191 184 188 211 9 NS NS NS
Cellulose 333 309 349 323 15 NS NS NS
OMD 590 619 593 621 6 NS o0.01 NS
DOM 536 555 544 553 6 NS 0.04 NS
Week 9
Organic matter 921 905 904 890 6 o0.01 0.01 NS
Crude protein 95 96 99 97 3 NS NS NS
NDF 764 754 694 692 22 o0.01 NS NS
ADF 548 536 524 525 20 NS NS NS
Lignin 124 155 146 160 8 NS o0.01 NS
Hemicellulose 216 219 170 168 15 o0.01 NS NS
Cellulose 425 380 383 370 15 0.03 NS NS
OMD 560 571 569 581 6 NS 0.034 NS
DOM 516 517 514 517 6 NS NS NS
Note: OMD ¼ organic matter digestibility; DOM ¼ digestible organic matter (OMDorganic matter); NS ¼ not signiﬁcant (p40.05).
Animal and collection time of extrusa did not have signiﬁcant effect (p40.05) on all the parameters.
Values for crude protein, cellulose, OMD and DOM were signiﬁcantly different (po0.05) between the two periods (weeks 6 and 9)
of extrusa collection.
Table 3
Effect of grazing method (tethering and close herding) and duration of grazing (6 and 9 h) on daily faecal dry matter (DM), nitrogen and
phosphorus excretion by steers
Variable 6 h 9 h SE p-values
Tethered Herded Tethered Herded Duration Method Interaction
Week 6
gDManimal1 1434 1660 1390 1651 139 NS NS NS
gDMkg0.75W 27.6 32.3 29.5 32.7 1.2 NS o0.01 NS
gNitrogen 32.7 40.2 30.1 34.9 3.1 NS NS NS
gPhosphorus 5.7 6.1 5.8 6.2 0.5 NS NS NS
Week 9
gDManimal1 1463 1737 1437 1832 156 NS 0.04 NS
gDMkg0.75W 27.5 32.6 29.4 34.3 1.2 NS o0.01 NS
gNitrogen 23.7 32.5 25.7 32.4 2.4 NS o0.01 NS
gPhosphorus 5.4 5.6 5.2 5.7 0.5 NS NS NS
Note: Only values for nitrogen excretion (g day1) were signiﬁcantly different (po0.05) between the two periods (weeks 6 and 9) of faecal
collection. NS ¼ not signiﬁcant (p40.05).
A.A. Ayantunde et al. / Journal of Arid Environments 72 (2008) 523–533 5273.2. Faecal output
The duration of grazing had no effect on faecal output in both periods. However, tethered animals had
signiﬁcantly lower faecal output (gDMkg0.75W) in both periods (Table 3). Nitrogen excreted (g day1)
through faeces in week 9 by tethered steers was signiﬁcantly lower than those herded (24.7 vs. 32.4; SE ¼ 2.4;
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Table 4
Effect of grazing method (tethering and close herding) and duration of grazing (6 and 9 h) on forage dry matter and digestible organic
matter (DOM) intake by steers
Variable 6 hr 9 hr SE p-values
Tethered Herded Tethered Herded Duration Method Interaction
Week 6
gDManimal1 3876 4841 3809 4973 396 NS 0.01 NS
gDMkg0.75W 74.6 94.1 80.8 98.7 3.5 NS o0.01 NS
gDOManimal1 1816 2367 1786 2385 190 NS o0.01 NS
gDOMkg0.75W 34.9 46.0 37.9 47.3 1.7 NS o0.01 NS
Week 9
gDManimal1 3673 4544 3724 5020 410 NS o0.01 NS
gDMkg0.75W 69.0 85.3 76.3 93.9 3.3 0.03 o0.01 NS
gDOManimal1 1640 2037 1667 2235 183 NS o0.01 NS
gDOMkg0.75W 30.8 38.2 34.1 41.8 1.5 0.03 o0.01 NS
Note: Only variable gDOMkg0.75W was signiﬁcantly different (po0.05) between the two periods (weeks 6 and 9) of intake
measurement. NS ¼ not signiﬁcant (p40.05).
A.A. Ayantunde et al. / Journal of Arid Environments 72 (2008) 523–533528po0.01). Except for nitrogen excretion (g day1), there was no difference between both periods for other
faecal output variables.
3.3. Forage intake, grazing behaviour and animal performance
Close herded steers consistently consumed more forage than the tethered steers in both periods (Table 4).
The duration of grazing had no effect on forage intake (gDMkg0.75W) in August 2005 (week 6; 84.4 vs. 89.8,
SE ¼ 3.5, p40.05) whereas intake increased signiﬁcantly with duration of grazing toward the end of wet
season (week 9; 77.2 vs. 85.1, SE ¼ 3.3, p ¼ 0.03). Similar trend was observed for intake of digestible organic
matter (gDOMkg0.75W) in both periods. As the wet season progressed (week 6 vs. 9), digestible organic
matter intake (gDOMkg0.75W) declined signiﬁcantly (week 6 ¼ 41.5; week 9 ¼ 36.2; SE ¼ 1.2).
The hourly distribution of time expenditure for eating (this included time spent for prehension, mastication
and searching for food) showed similar trend for tethered and herded animals for 6 and 9 h grazing durations,
respectively (Fig. 1). For 6 h duration, both the tethered and herded steers reached their peak of eating three
hours after grazing started after which eating time declined. For 9 h duration there were two peak eating times.
The ﬁrst was second hour after grazing started and the second was the last hour of grazing. Eating time
decreased between these two peaks. Eating time increased signiﬁcantly with duration of grazing (Table 5)
while tethered animals spent more time eating than those herded. Tethered animals spent higher proportion of
the time allowed for grazing on eating (tethered vs. herded: 82.5% vs. 76.5%). There was a signiﬁcant
interaction between grazing method and duration of grazing for time spent eating, indicating larger differences
between tethered and herded animals during 9 h grazing. Resting time increased signiﬁcantly with duration of
grazing, indicating that herded animals rested more than those tethered. Both grazing method and duration of
grazing had signiﬁcant effects on ingestion rate (Table 5). Animals in 6 h duration of grazing had higher
ingestion rates than those that grazed for 9 h. For nine hours duration of grazing, tethered animals had lower
ingestion rates than herded.
ADG (g day1) by steers was 226 for T6, 320 for H6, 258 for T9 and 360 for H9. Whereas tethered animals
had a signiﬁcantly lower ADG than those herded (tethered vs. herded: 242 vs. 340 g day1; SE ¼ 38), the
duration of grazing had no effect (6 h vs. 9 h: 273 vs. 309 g day1; SE ¼ 34).
4. Discussion
The standing herbage mass estimated at 1710 kgDMha1 (SE ¼ 56) at peak vegetative stage (August 2005)
of the experimental paddock is comparable to 1951 (SE ¼ 131) kgDMha1 at similar growth stage reported
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Fig. 1. Hourly distribution of time spent eating by the steers tethered for 6 h, herded for 6 h, tethered for 9 h and herded for 9 h.
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Table 5
Effect of grazing method (tethering and close herding) and duration of grazing (6 and 9 h) on time expenditure on different activities
(min day1) and ingestion rates by steers in week 6 (August 2005) of the experiment
Variable 6 h 9 h SE p-values
Tethered Herded Tethered Herded Duration Method Interaction
Eating 301 289 439 393 7 o0.01 o0.01 0.02
Resting 32 40 70 100 7 o0.01 o0.01 NS
Walking 20 21 24 34 3 o0.01 0.04 NS
Other 7 10 7 13 1 NS o0.01 NS
Ingestion rate
gDMmin1 12.9 16.9 8.7 12.7 1.4 o0.01 o0.01 NS
mgOMkg0.75Wmin1 199 259 145 194 9 o0.01 o0.01 NS
Note: Eating includes prehension, mastication and search for food; resting refers to time spent resting during while in the grazing site;
and other includes activities such as drinking, ﬁghting and socializing. NS ¼ not signiﬁcant (p40.05).
A.A. Ayantunde et al. / Journal of Arid Environments 72 (2008) 523–533530by Ayantunde et al. (1999) for a ranch at Toukounous (141300N, 31170E), also in Niger. These results conﬁrm
that forage availability is not a limiting factor to animal production in the wet season, neither is the quality, as
shown by the chemical composition of the herbage grazed in Table 1 (Breman and de Wit, 1983; Glatzle,
1992). However, there is problem of access to pastures in the wet season, especially in agro-pastoral zone in the
southern Sahel, due to fragmentation of cultivated ﬁelds (Turner and Hiernaux, 2002).
The higher OMD in the esophageally ﬁstulated steers’ diets compared to the herbaceous standing herbage
reafﬁrms the selective grazing by the ruminants (Ayantunde et al., 1999; Breman and de Wit, 1983). Breman
and de Wit (1983) reported that Zebu cattle diet was 2–5% higher in crude protein than the standing herbage
but this is not supported by the results of this study. Lack of signiﬁcant difference in crude protein of the
standing herbage and the diet selected in this study may be attributed to lower magnitude of difference in
nitrogen concentrations at peak vegetative stage among different herbaceous species compared to digestibility
(Ayantunde et al., 1999). Besides, the dominance of the same herbaceous species in the parcels grazed could be
another reason. Values for crude protein and OMD found in herbage grazed, at peak vegetative stage, are
similar to those (crude protein ¼ 112 g kg1DM; OMD ¼ 617 g kg1DM) reported by Ayantunde et al.
(1999) for another location in Niger.
The results on diet quality show that tethering negatively affected digestibility in both periods of extrusa
collection. This may be attributed to reduced opportunity for selective grazing due to restricted animal
mobility as a result of tethering. Nevertheless, the quality of diet selected even by tethered animals are far
higher than 48% OMD and 5% crude protein suggested by Breman and de Ridder (1991) as limits for
maintenance ration of grazing ruminants in the Sahel. Given that forage quality is generally high in the wet
season (Glatzle, 1992), the critical issue is the amount of forage available within the reach of the animal at
tethering location. In addition, length of rope, frequency of changing the tethering location and animal species
may affect the quality of diet selected. For mature non-productive goats in Tanzania tethered for 4 or 8 h,
Romney et al. (1996) reported that tethering had no effect on digestibility of the diet selected. This suggests
that the effect of tethering on diet selection may vary with different ruminant species in view of their different
grazing behaviour. From the results, the effect of duration of grazing on diet selection is rather not consistent
between weeks except for digestibility, in which case there was no effect in both periods. Ayantunde et al.
(2001) found similar results in wet season of 1995 that duration of grazing had no effect on dietary selection by
grazing steers. The declining quality of the diet selected as the wet season progressed, as observed in this study,
has also been reported by Schlecht (1995) for zebu steers grazing natural pastures in Mali.
The non-signiﬁcant difference in faecal output between 6 and 9 h of grazing found in this study agree with
results by Ayantunde et al. (2001). However, with longer duration of grazing (12–15 h per day), signiﬁcant
effect was reported by the authors. Values found for faecal output in this study agree closely with 27.5 and
28.7 gDMkg0.75 W reported for 6 and 9 h of grazing, respectively, by Ayantunde et al. (2001). Values for
nitrogen and phosphorus excretion are also consistent with results by the same authors. The negative effect of
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output is only collected during the dry season for manuring crop ﬁelds (Powell et al., 1996).
The negative effect of tethering on forage intake found in this study may have resulted from decreasing
herbage mass availability and soiling and the effect on selectivity. This suggests that the frequency of changing
the tethering location in this study (2 to 3 times per day) might not be enough to allow for comparable level of
forage intake as in close herded animals. Thus, tethering management (frequency and location) is critical to
overcoming the problem of decreasing herbage mass availability within the reach of the tethered animals. The
negative effect of tethering on forage intake has also been reported for goats in Tanzania (Romney et al.,
1996). Values for forage intake reported in this study agree with ﬁndings by Ayantunde et al. (2001) for steers
grazing natural pastures in another location in Niger. Lack of signiﬁcant effect of duration of grazing on
forage intake observed for week 6 (August 2005) of the experiment is consistent with results by Ayantunde
et al. (2001) for steers grazing 6 and 9 h per day in August 1995. However, the same authors reported
signiﬁcant effect of duration of grazing on forage intake for longer grazing time (12–15 h per day). The
signiﬁcant effect of duration of grazing in week 9 could be attributed to decline in standing herbage mass and
forage quality as the wet season was close to the end. These results suggest that it is advisable to allow the
animals to graze for longer time, either tethered or close herded, as the wet season progresses to allow for
sufﬁcient forage intake.
Tethering tends to compel the animals to spend the time eating as indicated by the high proportion of the
grazing time spent on eating. This advantage of tethering in making the grazing cattle to focus more on eating
by minimizing time spent on other activities such as resting, walking, ﬁghting and socializing has been
reported by Rachmat et al. (1992) for cattle in South Sulawesi, Indonesia. The effect of duration of grazing on
eating time agrees with previous grazing behaviour studies (Ayantunde et al., 2001, 2002; Schlecht et al., 2006)
conducted in the region. The proportion of time spent eating by herded animals (about 76%) is higher than
66% reported by Ayantunde et al. (2001) for herded cattle in the dry season in another location in Niger. The
difference could be attributed to lower stocking rate in this study (0.6 TLUha1 (TLU is tropical livestock
unit, a standard animal with a body weight of 250 kg)) compared to 0.9 TLUha1 in the previous study by
Ayantunde et al. (2001) which might have reduced time spent walking while in the grazing site, thereby leaving
more time for eating. Different herding methods (open herding in the previous study as opposed to close
herding in the present study) could be another reason. The effects of herding methods on grazing behaviour of
ruminants have been widely reported (Arnold and Dudzinski, 1978; Vallentine, 2001). Higher proportion
(93.5%) of grazing time spent eating than values found in this study has been reported by Romney et al. (1996)
for goats in Tanzania tethered for 4 h per day.
Higher ingestion rates by animals that grazed for 6 h compared to those that grazed for 9 h support the
widely reported observation that grazing ruminants tend to compensate for shorter time of grazing by
increasing their intake rate and spending a larger proportion of available time eating (Arnold and Dudzinski,
1978; Ayantunde et al., 2001; Romney et al., 1996; Vallentine, 2001). The reason for negative effect of
tethering on ingestion rate is unclear. It may probably be attributed to decreasing herbage mass availability
within the tethering area.
Lower average daily weight gain by the tethered animals could be explained by lower forage intake than
herded animals. The negative effect of tethering may not be noticeable until late dry season (March to June)
when there is acute feed shortage and all cattle, except those sufﬁciently supplemented, lose weight and their
survivability at this period largely depends on how much weight they have gained in the wet season (July to
September) and crop harvest period (October/November). Lack of effect of duration of grazing on ADG
found in this study could be attributed to short grazing time (6 and 9 h). In the previous study by Ayantunde
et al. (2001) in another location in Niger, long duration of grazing (49 h per day) had positive effect on weight
changes. The weight changes recorded for herded steers fall within the range of 300–500 g day1 reported by
Achard and Chanono (1995) for free ranging steers in the wet seasons of 1987, 1989 and 1991.
5. Conclusions
This study demonstrates that the common practice of tethering sedentary cattle in the wet season in the
southern Sahel in West Africa does not have a strong and consistent effect on quality of the diet selected by
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A.A. Ayantunde et al. / Journal of Arid Environments 72 (2008) 523–533532steers but reduces forage intake and consequently average daily weight gain. Given that forage quality is not a
limiting factor in the wet season, it is necessary to ensure sufﬁcient herbage mass availability within the
tethering area to allow for sufﬁcient forage intake by the animals. This will necessitate changing the tethering
location for more than 3 times per day according to results from this study. Frequent movement of the animals
does not conﬂict with labour requirement for cropping activities in the wet season because tethering is often
practiced for small cattle herds (on average 3 to 4 head per household). In addition to frequent movement of
the tethered animals, it may be necessary to move the tethering location away from the vicinity of the
homestead, which is often the practice, to grazing sites where herbage mass availability is high. In view of the
acute feed shortage in the late dry season in the Sahel, it is necessary to maximize weight gain during the wet
season to enhance survivability of the animals at this critical period and to ensure the overall good productive
and reproductive performance of the animals.Acknowledgements
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